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Anode-supported fuel cell 

The present invention relates to an anode-supported fuel 
cell comprising an anode support, an anode layer, an 
electrolyte layer and a cathode layer, said anode support 
being provided with a stress compensation layer on the side 
opposite the anode layer. 

A fuel cell of this type is disclosed in WO 01/43524. Such 
a fuel cell consists of layers of different materials with 
different coefficients of expansion. During the appreciable 
changes in temperature in the cell, as well as the changes in 
volume as a result of the chemical reactions that take place 
in the anode substrate, there is a risk that the latter warps. 
This makes the production of a cell stack particularly 
difficult; the def ormability and the mechanical strength of 
such a cell are so low that "urging" straight inevitably leads 
to fracture. 

To avoid this problem, which arises mainly during the 
first sintering of the anode support, it is proposed in WO 
01/43524 to apply a stress compensation layer. This stress 
compensation layer is on the side of the anode support that is 
opposite the side of the anode support where the anode is 
applied. By making the mechanical and shrink characteristics 
thereof essentially the same as those of the electrolyte layer 
it is possible largely to prevent warping. 
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However, it is important that the process in the fuel cell 
can take place without hindrance. That is to say that it must 
be possible for transport of both gases and electrons to be 
able to take place without hindrance. 

To this end it is proposed in the abovementioned PCT 
application to make relatively large openings in the stress 
compensation layer through which gases are able to move. The 
openings also serve as contact pressure points for a current 
collector. Transport of gases must take place through these 
openings. There is a relatively large distance between the 
openings which is varied depending on the position with 
respect to the point at which the gases are introduced. This 
part of the stress compensation layer is permeable to gas. 

This means that stringent requirements are imposed with 
regard to the accurate positioning of the stress compensation 
layer with respect to the other parts of the fuel cell and 
more particularly the current collector. In view of the 
inaccuracy this means that the holes in the stress 
compensation layer through which the current collector extends 
have to be made relatively large. 

The method for the production of such a stress 
compensation layer is complex. It is proposed, starting from 
the anode support, to mask certain regions thereon and then to 
apply the stress compensation layer in some way or other and 
then to sinter the assembly. 
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As a result of the large distance between the holes there 
is the disadvantage that a uniform distribution of gases, ions 
and electrons at the location of the anode can no longer be 
ensured. This applies in particular if the supporting 
substrate is relatively thin. The aim is for relatively thin 
components in order to reduce the costs of the materials for 
such a cell as far as possible. 

The aim of the present invention is to avoid the 
disadvantages described above and to provide an anode- 
supported fuel cell with which, on the one hand, the problem 
indicated above and possible warping of the anode support are 
prevented and which, on the other hand, can be produced in a 
simple manner and guarantees a more uniform distribution of 
ions and electrons. 

This aim is realised with an anode-supported fuel cell as 
described above in that said stress compensation layer is a 
porous layer extending without essential interruptions and a 
porous layer with a thickness of at most 100 ym that is 
electron-conducting in the operational state is applied to 
said stress compensation layer on the side away from the anode 
support . 

According to the present invention there are no longer 
relatively large holes in the stress compensation layer but 
this layer extends continuously. The stress compensation layer 
is provided with a large number of relatively small openings 
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that preferably have a maximum diameter of 1 mm. More 
particularly, the diameter (converted to relate to a circular 
opening) is approximately 0.4 mm. Such relatively small 
openings can have any conceivable shapes, but according to an 
advantageous embodiment of the invention are made hexagonal . 
The distance between the openings is restricted so that the 
effect of non-uniform distribution described above, especially 
in the case of thin layers, does not arise. In particular, the 
distance between adjacent openings, that is to say the "wall 
thickness" between the openings is less than 1 mm and more 
particularly approximately 0.3 - 0.5 mm and according to a 
particularly preferred embodiment approximately 0.4 mm. 
Surprisingly, it has been found that when a stress 
compensation layer of such a construction is used warping of 
the fuel cell can be prevented. With the stress compensation 
layer according to the invention it is possible to keep the 
distance that the gas travels to the electrolyte as small as 
possible. This distance is preferably less than 800 ym. 

The stress compensation layer is preferably a zirconium 
oxide layer. 

By applying a further electron-conducting porous layer to 
the stress compensation layer it is no longer necessary for 
the actual current collector to be directly in contact with 
the stress compensation layer or the anode. Such a porous 
electron-conducting layer, which functions as auxiliary 
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current collector, is preferably a nickel/nickel oxide layer 
of relatively small thickness of at most 100 ym and more 
particularly approximately 50 ym at the time of application. 
This results in a layer thickness of approximately 10 - 20 pm 
(nickel) after sintering and reduction. As a result of the 
application of such a further electron-conducting layer the 
number of contact points through the stress compensation layer 
can be appreciably increased. 

The various components from which the fuel cell is made up 
can be all components known in the state of the art. The same 
applies with regard to the method of production of the fuel 
cell. In general, the anode (including support and 
electrolyte) will first be sintered at a relatively high 
temperature, after which the cathode is applied and sintering 
then takes place at a somewhat lower temperature. However, it 
is also possible to produce the fuel cell or electrochemical 
cell according to the invention in a larger number of steps or 
smaller number of steps. When producing the electrochemical 
cell in the manner described above, after providing the anode 
support and applying the anode layer, optional auxiliary layer 
and electrolyte thereto, the stress compensation layer is 
applied to the other side of the anode substrate. According to 
the present invention, this application takes place by means 
of a printing technique and more particularly by means of a 
screen printing technique. By this means it is possible to 
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make a very regularly distributed pattern of very small 
openings with the very small layer thicknesses. Moreover, such 
a screen printing technique is particularly simple to carry 
out and it is no longer necessary for certain parts of the 
anode substrate to be masked and the like. After applying the 
stress compensation layer using some printing technique or 
other, the nickel oxide layer or other layer that is porous 
and electron-conducting after sintering is then applied. The 
assembly described above can then be sintered at a temperature 
of approximately 1400 °C. Of course, it is also possible, 
starting from the anode support, to vary the sequence of the 
application of the various layers to some extent. 

The shape of the small openings in the stress compensation 
layer that can be obtained by means of screen printing can be 
any shape known the state of the art. Preferably, the various 
features are produced in a regular honeycomb pattern. 

It has been found that with a cell as described above the 
problem of warping of the anode support can be solved, whilst, 
on the other hand, with a simple production method combination 
of the cell components can easily be achieved and uniform 
distribution of gases, electrons and ions over the anode 
support is guaranteed. 

The invention will be explained in more detail below with 
reference to an illustrative embodiment shown in the drawing. 
In the drawing: 
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Figure 1 shows, diagrammatically in cross-section, the 
various layers of the anode-supported fuel cell according to 
the invention; and 

Figure 2 shows a plan view of the stress-compensating 
layer immediately after this has been applied to the anode 
substrate . 

In Fig. 1 the fuel cell according to the present invention 
is shown by 1. This fuel cell is indicated in its entirely by 
1 and consists of an anode support 2. This anode substrate can 
be made of any material known in the state of the art, such as 
porous NiO/YSZ. 

The actual anode (auxiliary) layer 3 is applied thereto. 
Of course, this layer 3 can be omitted. An electrolyte layer 
is indicated by 4. The cathode, which is indicated by 5, is 
applied thereto. This is merely diagrammatic and this cathode 
can consist of a larger number of layers. 

The anode support 2 is provided on the other side with a 
stress compensation layer 6. This is made without large 
openings and applied to anode support 2, for example by screen 
printing. Very small openings with a diameter (based on a 
circle) of 1 mm or less are made during screen printing. This 
stress compensation layer preferably consists of a material 
having thermal and mechanical properties corresponding to 
those of the material of layer 4. That is to say, if stresses 
arise between substrate 2 and layer 4 during heating or 



19 



Docket No. 2001-1368 
Appln. No. 10/520,117 

cooling or during chemical reactions precisely the same 
stresses will arise between substrate 2 and layer 6, as a 
result of which warping of said substrate is prevented. 

A porous electron-conducting layer, such as a layer of 
nickel oxide which on sintering and reduction is converted to 
porous nickel is applied to layer 6. The thickness of such a 
layer is less than 100 ym, preferably approximately 50 pm, at 
the time of application, so that a layer thickness of 10 - 
20 ym results on sintering. 

The porosity of layer 6 is preferably 40 %. 

Of course, components or various components taken together 
which have special properties that are produced during the 
production of the fuel cell described above also fall within 
the scope of the present invention. That is to say, rights are 
requested for an assembly consisting of an anode-supported 
cell provided with a stress compensation layer according to 
the invention, optionally in combination with the electron- 
conducting layer applied thereto, both in the green and in the 
sintered state. 

A current collector, indicated highly diagrammatically, 
presses against layer 7. 

Fig. 2 shows a plan view of layer 6 after application to 
layer 2 by screen printing. The very regular hexagonal pattern 
of the openings extending through layer 6 which link substrate 
2 and layer 7 can clearly be seen from this figure. 
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Although the invention has been described above with 

reference to a preferred embodiment, it will be understood 
that numerous modifications can be made thereto without going 
beyond the scope of the present invention as described in the 
claims . 
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